Mitotic activity of the germinative cell population comprising the hair matrix ranks among the highest known in mammalian tissues. In the mouse, for example, it has been estimated by Bullough and Laurence (1) that these cells may reduplicate their numbers in a period as short as 13 hours. Mitotic activity in hair roots of man is known to be high, but more definitive measurements of this have not been worked out.
Mitotic activity of the germinative cell population comprising the hair matrix ranks among the highest known in mammalian tissues. In the mouse, for example, it has been estimated by Bullough and Laurence (1) that these cells may reduplicate their numbers in a period as short as 13 hours. Mitotic activity in hair roots of man is known to be high, but more definitive measurements of this have not been worked out.
In previous studies it has been demonstrated that in the human hair root specific size relationships exist between the volume of hair matrix: volume of papilla, and number of mitoses in the matrix: number of cells in the papilla (2) . The present paper details the mitotic pattern in the hair matrix of man and relates this pattern to possible determinants in the hair papilla.
MATERIALS AND METHODS
Biopsy specimens of normal scalp were obtained with a six mm biopsy punch from the parietooccipital scalp of eight Caucasian women, two Caucasian men and one Negro man whose ages ranged from 24-57 years.
Specimens were fixed in Cajal's uranium nitratealeohol-formalin solution, embedded in paraffin, and cut into fiji sections perpendicular to the long axis of the hairs in the specimens. Five sets of slides of each specimen were prepared, each set comprising every fifth-cut section and representing a series of sections 3Op distant from each other. Sections of one set of slides, stained by the Gomori trichrome method, were used for this study.
Eighty-four anagen hair roots were found to be sufficiently large and morphologically intact for histo-geometric analysis. Each hair root was examined from its base to the level of the distal tip of the papilla. The average diameters of the bulb (exclusive of external sheath) and the dermal papilla were measured with an ocular micrometer.
The total number of cells in the papilla and the number of mitotic cells in the matrix were deter-* From the Dermatology Branch, National Cancer Institute1, Bethesda, Md. mined by direct counting. Since each section studied was every fifth-cut section of the specimen, each section was considered as the boundary of a segment of hair root 3Ojt thick; the number of papilla cells and matrix mitoses in successive sections were interpolated and multiplied by five to obtain totals for each segment. The volume of the hair matrix and each constituent 3Op segment were determined by the method applied to a right circular cone as previously described (2).
Hairs with same approximate papilla height were grouped and the data from hairs within each group averaged. There were 34 hairs with papilla height lSO, 23 with papilla height 2lOi, 16 with papilla height 240ji, 6 with papilla height Z7Op, and 5 with papilla height 300jz. A schematic drawing of the average hair representative of each group was plotted to scale on graph paper. For uniformity of analysis the representative hair root of each drawing was divided into a distal and proximal half, separated by the critical levelt of Auber (3) .
By direct measurements of the graphed drawings the following distances were determined: radial distance between the midpoint of the lowest papilla segment and the midpoint of each matrix segment (lateral segments, Fig. 2 ). The actual distances represented in hair roots were calculated from these measurements.
A plastic model, 280 times normal size, was constructed of a large hair root from the beard region of a patient in order to visualize changes in density of mitosis in the matrix. For this purpose all sections of this specimen were stained.
Each section was projected through a Bausch and Lomb Dynazoom microscope and a drawing of the outlines of the hair root made. Mitoses were identified by direct visualization through the microscope and were inserted in their proper location on each drawing. The drawings were transferred to sheets of clear acrylic plastic 1.7 mm in thickness, from which they were then cut with a power jig-saw. The plastic sections were assembled in order and cemented together by rapidly stroking the outside of the model with a red hot steel knife.
RESULTS
The plastic model of the hair root ( Fig. 1) indicated the density of mitoses was greatest in the most proximal segments of the matrix and gradually diminished toward the segments surrounding the distal tip of the dermal papilla.
t Level of greatest diameter of the papilla. Microscopic measurements of matrix cells indicated their diameter to measure roughly 10 p. To simplify certain estimations each cell was assumed to be cuboidal with 10 p sides, and with a volume of 1,000 cu p. A unit volume of matrix was then considered to be 106 cu p, which therefore would contain approximately 1,000 cells. These approximations permit expression of mitotic index (mitoses/1 ,000 cells) as mitoses per (Fig. 3) suggests there is a linear inverse relationship between the mitotic index of cells in a given matrix segment and the distance of that segment from the base of the hair bulb.
In order to more precisely define this relationship, in each group of hairs the mitotic index of each matrix segment was plotted against the radial distance between the mid-point of the segment and the mid-point of the lowest papilla segment. Data for a composite curve representing all 84 hairs were obtained from weighted averages of the mitotic indices of comparable segments (see Chart 1) and weighted averages of the distances of these segments from the midpoint of the lowermost papilla segment. The shape and slope of the curve obtained for each hair group were essentially identical to the shape and slope of the composite curve representing all hairs. The latter is shown in Figure 4 , in which the straight line invites some speculation at this juncture. The lower portion of the curve may be explained by the fact that the distance between the mid-point of the lower matrix segments and the mid-point of the lower papilla segment in reality can never be zero. Hence, a hypothetical maximum mitotic index can only be approached, but never reached. at approximately 180 p. However, most of the hairs studied had papillae whose height was greater than 180 p. nIscussIoN The constant proportional relationships between volume of hair matrix and size of papilla suggest that the latter determines, or is the limiting factor of, the size of the population of germinative cells producing the hair shalt and hence the size of the hair itself. Thus the conversion of small hairs to large hairs seems to be due to enlargement of the dermal papilla. Examples of such conversion is found in the male beard at puberty, in axillary and pubic hair of both sexes at this age, and in hirsutism of women. The reverse, conversion of large hairs to small hairs such as occurs in male pattern baldness (2), would seem to be determined by diminishing size of the dermal papilla.
Such relationships are not confined to the hair. Recently it has been shown that the population of germinative cells in covering integumental epithelium (e.g. buccal mucosa, normal epidermis and hyperplastic epidermis of psoriasis) is proportionate to the size of the connective tissue papillae, the latter seemingly determining the former (4) .
Correlation between the coarseness of hair and daily growth rate in man has been made by Trotter (5) and in the guinea pig by Dawson (6) .
Schinckel (7) has recently shown in the wool follicle that differences in the number of cortical cells produced is due to differences in the number of germinal cells rather than to differences in cell turnover rate. The data of the present • 300,thair for the observation that large hairs, having a large germinative matrix, grow "faster" than small hairs with a small germinative matrix. The amount of hair shaft produced is simply proportional to the population of matrix cells.
Direct measurement of the exact rate of replacement of the matrix cell population has not been made in the scalp hair of man. Available data however permits some estimate of this. The data of this study demonstrate that mitotic activity in the hair matrix occurs in a linear gradient positively oriented toward the base of the papilla. Whether this gradient is determined by a mitotic stimulant with greatest concentration or activity near the base of the papilla, or determined by a mitotie inhibitor with greatest concentration or activity near the distal tip of the papilla, or is due to a more complex system than either of these is as yet unknown. 
